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^"iJe^-'Ji^ (IFFT) ft*lM*&SiT*3ISfeir 
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So 

m-*z>'U o-n^ 'j76<iiA u 7<nmm 

^2e(7)5<§iS^oeS^P^7>riU^^«f^-^@^^^ 
^fC^it-SCt, ft*lM*n £ V 'J?Ul*V >Zfj\, 9 B y 

vhatuH^^snffiFFTBiK^^Fpirc. mtev-isztji, 

3fo)jt^AN^^T^^^t>tL^^ia^^s[-r^s 
tzm^&m&F f tskic^^^c^: &n®i£?z>m 

[fg*^i o] Kivzm&n>N*<nmm& 
t) &mnft^T'&m^Tm&?zmm?3aT'$>i>w.& 
m&&&m2>mmmtt (ofdm^) T'^ibi^^c 
(ofdm<s^) <r>m&z?nz?-?4 ji,&mvr? 
zm&zfo?j>j)\,mtiTisi&zm?zmmzte^T % ia 

D ^ ^ JS^ <!: L y S ^ *t*«# ^3^- ^tf > ^ 
6ME>(0/^-r P 'J7^7-'J x^^T-S f f tIhJ 

^ ^t* y > / x ,t y &m w r c ? z> m m iz & * <m 
y g^L/z^sic^^fi-^^ yM^gaLfctuutfci<«[oi 

xt(7)smfg-%oigs^p ? t 4 j^mm-r z>m& -> 

50 T^^ft$«fl5]^^^^^So 
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[OOO 1 ] 

&$LXm&m&El3*S: (Orthogonal Fre 
quency Division Multiplex 

[0002] 

fpu, mmi- ANm(ntt&T'&<<oi&mm3z& 

^xCfCO^Tf*. tt«tt«>f-f7^Kl 998V 
ol. 52. No. 1 1 fClSL <ffi£*LTl^ 0 

^ilS^D^T-r^KO^IS:^!*. ^2000-1 3 

[OOO 4] OFDM^Httt, 0 1 00«C, — ^<Dfe 

£S*lf, te^^-^ckorjgS^r^'JT^e 4QA 
[OOO 5) 0 1 II*. -?-CO^-vUTm^<D-SP^fi£^: 

^ f c & o r s £ ft * <t % *. r a i \. 
[ooo 6] si 1 fcfeixx. m^rsifc^fe^ mj i*^ 

FDMjgf^it^) 1 0(Dv>7tOu££U *S2rfS)i* 

[ooo 7] cp^SW: rnj it. &m(W&iz&^ : 

1*6 4QAMT*^IB£ftfc*g-^{£S£^LTl^ 0 ft 
B*<DUHF^(DtfeJzT>f^*;Ujfti£;5^T'(*. /\° 

J n-v hm-^Pl*. Si 2(DS PtSMfc roj 

ftTl>* 0 ^(Otzih. /Un«y hi§^PI*SP (Sea 
ttered Pi lot) £ fg * £ ftT t LA^ 
0 1 1 CD+V'JTmitT'li/NVD^ hfg-^P^B^ 

P (Cont inua I Pi lot) fCl^T^L 
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[OOO 8] 01 3(*. OFDM^O^SS^fig 

^Lf;@K@t^4. ^mBn^B^i izxttziitzin 

S9. &tf01 1 fC^o/cCP^V'JTOffA^CDBn«iS 
/c<fcy % #+r>^u^Pt/^tD<S^A<01 1 (DIM— 9Hz 
3fe^#+VUT(DiS^^*-r2 O 4 8 (2(D1 1 -<^^ 
It. 2(D-<#^il0)l>£o) "*>:/;U?P-y 

10 1*2 O 4 8*V > h(7)i£^— >Jx£& (I F F T) £3* 
JTT* I FFT2k@a2l:A*?tl, ^C2 0 4 8^ 

[ooo9] 01 4te&m&&fr*&isz4%z>&fmmz 

^aWC^LfctOt&y. 01 3(D I F F T 2 k IeI 
&2frt>it. OFDM(g^(DW^>>^U:&T stf^RSl 

3 it. ^omfflT s<D&fm&m<Dto<Db<Dmtt&b * <z> 

20 -0^-/^;u^»A$*tfc'>>7t-C>U^F B ^T s ' (Dfg-^ 

i*. &is&*&siHis§4f::,fci^T. micie3«ie, d/a 

[O O 1 O] 0 1 SCDSm^S^fcl^r. 7>ft6t' 

*tfc|£. <S^«jytbL@%8JcA*$tt. 0 14(OTs 
^Fal IC^IC^- * 2 O 4 8 V > ^JUDA^J A<^J y & $ *L 
<bo ttU fciS£*lfcA^II*2 O 4 8*V > h<DZ>— 'Jl 
30 ^ (FFT) ^it4FFT2k@^9l:A*^ 

n. @i£&#^>-v(&A^$u-e&*0i kdm 

[00 1 1] tC5t\ 6 4QAMt'|fSI?tlfcjg^$ 
SSrf&r-l*. -^<D#tf4Sfctl2$ttrL>^)<fc ^lc. 
A«SIBl-t<D«l» Lfcie^-r *g^A^a<#^T*&* 0 
01 lO/UP^hlSfCPIt C(OS2|iS#(Df|±^ 

Ri^icr^fc*)rc}iA$ftfcis^-efe^ 0 fcj;u*. 01 
^^^i:v>7K;urt(D«ia^cpm^T*fe^cp 

40 1. CP 2m<om^frt>toft&Mlz t k^TWL&L. 

ztit-mmis^&mt^T e 4 o AM<7)«i^^iij^-r>& 0 

01 5<DSf§&&Hl5]S§1 Ol*. C(D6 40 AMCDm 

[OOl 2] 01 Sfc^lNT. flfilSr-H^tt/tDU^f*. 
^g32 O O O- 1 3 4 1 7 6^'j>mvmmZtltzl5}&2: 

[OOl 3] F F T 2 k@S&9*N^ai^l$ftfcfg^^J 
50 (*. /nVp-v h4VJ7 (UlTP + V U 7'<^t^^) ftbfcb 
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&-tzaf$ ABi&i i IcA;*j£*l*o fit, Si 6(0 
(a) IC&itftfC^-TF F T 2 k (eJK 9 COttS^ig^A^ 

cp+^ur^^fetti-r^^^rc. si 6<o (b) m 

[OOH] CP^ttttJLT^^nfcfS^Jtt. OFD 
MfS^KOaSST'ffll^*: F F Ti^Ct^ > hgt 2 O 4 8 
0FFT2k@Kl 2CA*$*l, FFT£*t*« IF 
FT2k(Hl88l 2*^aj;fc£*l**S^iftff*(0«£S 1 7 
tztt. I F F T 2 k§gl 2 6^ii5^?tV^ 1 >>tK 
;KOfS^I*mO^«b^2 O 47©204 81f>^K?D 
•y^com-^r% Si 1<7)*VJ7&£CD4 s KCPA<n = 
8*V »J 7^lc!$A£*LTl>&fc*K (a) j^£> (h) 

Si 7(0fit;fc£te£>f >/^uxa<*i£ttShJ:. Si 8 
(0 (a) (0«fC. £<S^K(0 I FFT2k@K2t'l F 
F T^ttfcT s 6B3$"6<tfJ l J Hi £ ttX F F T 2 kH^Qlr 

[0 0 1 5] g3£2£-< >/^UXl*S 1 8(0 (b) (04$fC 
i&lcttLTigSL*:dc#(0?F££^L. 5tfT2e-r>/N° 

;uxi*Si 8(7) (c) (04$fc±&fc**LT5fcf7-r*j£# 
*§i 3tm*. ^ys$^t^8©(D^(o<5m6v m*-& 

Si 7(0 (b) (OfiP**\ tUt>-*>m2 5 6^>^;^P 
V^^'Dit^^l 2 81t>^P7^^bf 3 8 
3-y->^;u^P^<7(0liim(0«-^^t6^£iiU. ^(Offe*t 
<t&£l^f*lfe*ffl(0 2flifit£. 01 9(0 (a) (04$fCi! 

[0 0 16] £f~. ^(OiSM^n^T'-OHS^^S 1 5 
(Otf— <7&tii[E]S§1 4lcA*lLT. f(0e- ^tiSAMb 

uaiL@K8-c«iytti^^(o^-< 5 >tr<D?tiz&th 
£ft(o t s Mi<iigw^^^ s ><f(isrc^ $ <t o \z 
[ooi7] si QT'mmT'Zz>mm&fm(D&!& 

(OftRSIfiS* 83^sec ^(Ofitl* F F T 2 k © 

^(O-^V^U^D^^^^fC^oT^^b-r^^T^ S 

[0 O 1 8] 

UfHsseflT-fi. oFDMm^o&tftvmi^tzF ft on? 

4> hgLtmCm > h?ST*^>& 2048*V>hCQF 
1 O 2 4tK^> h£@*&F F T(S3M*-ei*A^ 
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^(O/'tfK m&Z?OZ?7"< )l* : £&#>Z>tz#)lZ2 O 4 8tK 
<>h(DFFT2k@%1 2£ffll^C£IS. SfS^S 

(0@»(0/^t^ffi»Htrc^Lr^^:^^rc^i<t 

[oo i 9] mm&&T~mz>Hzmmzra'?7"< 
judski*. a^si 9(0 (b) <D«<sa»fc^y, m 

*r©8&T*l*. Si 9(0 (a) (0«fc5fefrift(0®^^a<t 

igs&(oea©H6^ l < . &fj&o>mmmmtzm&t)< 
± c *><niztt LTmm&o)mmmmi* : *&? * 1 1> ? 7 
>/<^>xa<ifci:*£i>?m2(osssj6<fc* 0 

[0 0 2 0] IKLm^t^FFTt 
Z>t* F F T 2 k @K 1 2 A^^>ttJ^j^^x-2>-f >/<;ux(D 
I«afcsfcfl2fiE2 O(0*$lcfcy. ig&i£^5fetT3£A<^(^ 

fctstp*^ @s^5feiTifit(0{4Sic^r^^iN^ 

tfmmiztszmaomm&frzitz. 
[0021] *mmo&i ommt*^ gg^77>r;u 
<nmmz. *mx&mttUF f T£m^xmf£-?z>^t 
t<xz zw.&m&m#m&mmmJ55£<D&i£ig^<DmM 

tlzfo* 0 

[0 0 2 2] *fg^(0m2(0BMtt. ±83*/sec^ 

commzf a ~? 7 )\,&mmx2 z±ttr£\$z&mft Ltz& 

30 *yi£<-e*. a^f£^-r*®s^p^T>r;Ko^^ifc 
^ofc/N*^>x(oat^H(o@5i^ , p^7^^^^^-e 

[002 33 *mm(om3<nu&}te. -<>/^ux(o#ie 

^^7?gSS?^5fc?7iR(OmiSfc3Kn^^fg^(0 u^;u 

<tA<T*^^ll^®^^^m^lS^iC(OSfS^(Og 

40 Cifcfe^o 
[o o 2 4] 

&mmm*>j£ (ofdm«) x-mmzntzskmrn^ 

(OFDMlg^) <Dmmzfa7-r<< ;i,^it^is^ 
50 S^o^T-9->^;u^V> hia^'>^<-r^-^>^ > ;u^ 0 
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[002 5] *&Bif*. mu f f T@ig(D-*> 3?;u^:>r 

>h»A<. fiJCOFDM^CD^SiT'll^-r^^^-g 
xS£& (I FFT) &4lM*tt»T?»fc-r*:7— 'Jx* 
& (FFT) ©1f>^^ > h»<fc y^i^>^ju 

^ga^^ose^(Dg^^a :? 7 -< iU^««r-T 4@K 
£*rrft£ST*&fto 

[OO 2 6] wl8EBnEOFDM<g^. 

h^'JT^n (nl*IE <*>£&) !fA£*LTl£ ft 

«5EFFTlSHa>-9->^iU5K-f>haMprofile4^ »T 
£OFDMfS^tf>£EI|T*3lj&fe-f fti£^ — 'Jxffe ( I F 
FT) fc4lM*«8«T?*tt-r*^-UxSt» (FFT) 
<D-tf->^L*V> hS»N 0 fdm(Dl / n L l^-**L«fc 

[OO 2 7] *5gt33l*. w\&m$Lm&2<D'<&§kmv& 

fcfto 

[00 2 8] mUB-y-V^iUsK-OhttaiSB 
HtJKO F DMfg^(DP B 1fC n *£fC# A £*LT l>ft /< 

^iecos^m^ogs^p ? 7 *< ;u^«?«f-r ftisJ8&£*r 
[00 2 9) *sgu8te* fna-9->^u^-f> haasHtt 

WKafe^fcfi^KlE^ftC^ &ftlM*n<fc y4?ttlv? 

>^^n y <7€fciI«WI::#^fc«^lc£ itft c £ £ 

coo 30] *§&miz. ifrBB-*f>^usK-f >haas@K 

h*vuTi<»A$Hft*vy7a>raPHn tmcr^m 
f=a«wi=afe^fc«*tstit * c t , &>stM* n «fc y 'j? 
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[00 3 1 ] I5E-9- >^iU7K-f > htt!H@K 

C£ v feil^tt n J: V Ml^>^ D y ^ftnii 

[003 23 *fg(8IS. flElf>^u*V> httasBSS 
£HiJlEF F THHi:<DIBIfc. fJE** > ^Utf-f > htttfi 
@KA^0>B5Et*>:? o ;u*V > httfl)'>tiivW D?h 

f f T®mizm&?z^tzft&£?z>\M.&®&$LKm 
&mmmy5*:<D&fe<E^(Dmmz?o ^zmmr ft 

@8&£*rrft£SS-C&ft 0 

20 c o o 3 3 ] *£bbis. simzsx* *«»<D»aiaft 

(*r«J7) $flmft*£/<<f P-y hi5^tV&WL,T 

(OFDM^) r^li^nfcSmfS^ (OFDMjg 

^) (Dmj&z?a7 7 4)iszmmrz>mm? 0 n?7-<)i'm 

tfrl°]8§£*rf ftSSf::£>i>T. BtlEilS^p^T^yuft? 

y s £ *t ft m ^ £ * -r ft > u *v > h & ai 0 

30 h^'J7^7- y x|£&-tft f F T[5lK<t. HtlEMHt 
x^y^PBWrcstfrt-ft^Hfc&ftm^cO-fiP^. bHE 

m-^->^u^ p v om^otoottZi y ®s ufc^Hfc 
&ft^^y^fcgSLfcfa^rcic«i5iwfc^si)L s 

r th ^-r ft is ^p ^ 7 << )is±m.®& t tz c t z 

(O O 3 4] 

P^T>f^^«fInIKeiJCDmRJt<0^^(DT% CCOgg^P 

ift^nrfto 

[O O 3 5] fc&OlB&tffimzLT. FFT2k@» 

T (P + t'J7) ttiii&ifP»A{El?Si iCOft^yicgg 
1+fcP/^-fP-y h + Y'J7 (P + VJ7) ttili&^-<^ 
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Sy(0*V'J7(0<S^HI£S?/::S^&;t*(0-C 
itU<. © 2(0 (b) <d*$Ico#>t. -*>:/;u&£2 5 

[ o o a 6 ] &<D'gm$Lmm®i& 1 6 f£J5(0 FFT 

2 56^1 7 l::A^£<S-^fz/\H ><7S£>*IM** 

3^*ls)8&T*&£ 0 iC?)t\ F F T 2 k GDSS 9 A x t>ilj 

&ff2£#0 0 Bl60)(a) &*IM*©2(0 (a) fc*. 
©3(0 (a) (0-gfl£&;*LT^L*:t(OT'&*o 
[0037] Ji£(0!g3(0gST'£Lfc£^(*. ©3 

(0(a) (Oift^4<^r*fe^fcAic^i:/i»®}^»c^ 
itwt'fci. s^Si^«frcfct%xtt^(o«^*i^. & 
mmmomtz. FFT^nn2048^>hico 

-i-*f--mm~±z&m&zmi:Tfr£,F f t u situs 
tt<ou^;u£#£**&Ji£3iteir*o 

[003 8] L^L. ©3(0 (a) (0&B(0*I^ 
^^>^l»(O^H(04 3 *^fc^«(O^ff$/)^^fc 

<k>. ^5»^««3&«/»^^n^tv * z\x*mm<njtm 

-Cli©3(0 (c) (04ifz. P^vUTttth&M^^Isl 
8&1 CP4-V'J7(0^^tttl5LT^^n^S3<0 
(b) (Ofg-^(OA(OfiiI^^. B (0^#(0f£ *>fc#LT*§ 

ff$«(o^^^<Lfc^. flS^^T'^-rsH3a^i: 

(Dtzih. @2 orc^Lfc^fS-^(Ou^<;u^^ipsfC'(ai^r* 
-tsa(om3(o^s^^^T'^^o 

[003 9] fcfiL. CCt'^Lf:03(D (b) frt> 
©3(0 (c) ^<OtS^<OA*Lf£iU*. P^VU7ttt±3& 

[0040] @4liC(0/WD'y h+V'JTiiU&t^ 
ffitBBgl 5(Ort^0&«lj£<O^£^Ltc^(OT*&*o 
©1 (OF F T 2 k@^9^^ttJ^^^fc^5>H*. X-T 
5 1 IcA2>2*l£o f Lt§3© (a) (OAfOSB 
#1* FIF0152^ B (OfiP^I* F I F O 1 5 3 IzX 

[0041] FIF0152 TM*. 4 * — Z? A/^UX E 
Na1/8(DW(DTI:, A(OSP5^fC8-9->^;U^P 'V 
<7§fCpA^^T < £ CP + t M7<0*f-5§-£SmLT F 
I F O 1 5 2 rtfCg^-T £o ^«fC FIF0153T' 

l±. ^-^;u/<;ux e n b 1 / 8 o^^KDTf^ B(0 

^0)CP + Y'J7(D^^UtF I FOI 531*? 

[O O 4 2] — ^F I F O 1 5 3<Dftt}MX'it. -< * — 
7JI//\';UE N b 1 (0#J®)(0TIC % asSfc*'!' 5 
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urn^^tti^-r^o *fcF i fo i 5 2(oas*»<gi-e 
1*. ^/\ 4 jixe n a 1 <n&m<DTtz^ nmzw 

&£tlXl^Z> A(0Sfl#(0C P<g-^£. F I FOI 5 3£> 

* b<o^(oc Pis^^s^th LfcafcSitTiigiWfc 
s<*aiu x^-^i 5 4^surn©fcai^-r* 0 

(OO 4 3] COMIC* U« P + V'J7ati5Sc^-<^ 
il@8§1 5^£>tt. ©3(0 (c) (0tS^J6<£ti 
&o SH33tifeS(H)% 1 et'tt, mic©3(0 (c) om^ 

10 So 

[00 4 4) mm&mB®&^ ex&m&zmaztitz 

©3(0 (c) (OfS^II*. ©1 (OF FT 2 5 6[5)8§1 7 

fcA^^^^o £c^r% ©i ifl)+VJ7ISj|flic 
Pa<8 + Y'J7^fC& A$ntt^0)-C. ©3(0 (c) 

(0 fS -si 91 1 c t * x W£ fit £ ft o > 30 u ^ d ^ ^7 ay & 

fi. ©3(0 (c) (0m^9J(0A(0^^i: B(0®^(0^ 1 
4OO1f>^K0l/8(Ol 7 6 jSIC^^LV ftoT 
2(0^<^^(0-^>^;L7K'<> hgfc(0F F T£m><5*& 
2 5 6 ^>^JUt^ > h(D F F T ^HfiHttll^ © 

20 3(0 (c) (nmmtem^m&K<Dm&&mm<^tfex$> 

Z>o FFT256@B171 C(0^&j&<pr^S'MS 

(0-tf>^;u?K-C > h&r*fc* 2 5 6^>^V> h<0 
f f T£^j£-f *[5)8§-e&£o c(o-y->^U7K-<> h^r 

Mprof ile=2 5 6 1*. O F DMfg^tSSt'HtSti) 
I FFT&'6l^li^l^'e|IBfe-r^FFT(0^t>^^7nV 
>h33lNofdm=2 0 4 8(0l/8ICia^-r. -t«£(0!& 1 

[0 0 4 5] FFT 2 560^1 7 fcli. © 3 (O (c) 
(O^A^SStf) (d) <08fl#£H&y ti3LTA;*JL. 2 5 
30 6-tf>^U^-<>h(0FFT^^ai^r<bo ©5(0 

(a) I*. F F T 2 5 6 @S§ 1 7 A^fcii*} £*L*fS^(0 

iftff^^m^Wfc^LtctcoT'foy. ©i 7(0^asfc(is 

(a) (0^(0^15 y £bLfc&ff2fcfc;o-Cl^* 0 C 

(oasff^i*^5it(o@^T?©i 7(o (b) (oep^^^ytiiL 
izm*tm&v* mi 2 8^>^d^^$«ic^ 

(OnJI^ifilcLro^o ©1 (O@S^D^T^^fi£0 

Ki 8(*c(om^^Att^^^iEi^T*fey. ©4^^(ei 
(0@Kr^3sr*^^> o ©5(0 (b) 2 8t> 

^^□^^^lc^^Att^^>&<»:. ^^(0©1 9 

40 <o (a) ^^cigs^p^T-r^ff^^^^c^^r^ 

[0046] ^C^Tr. ©5(0 (a) (D-O/^XI 8 
II*. ^lC^^»5fet7iBc(0{i®fcfe^ o L A N ±& 
fC^LTI 2 8^>^^P^^^r B Ua±®SLfcilS 

>/^UXA<. F F Tfc^y&rys^ftT^i: 

ttO^t^^CitT'?^ 8+V'J7^fCCP^V 
•J7£f#0©1 1 (0+V'J7ffiS^t^)OFDMi^ 
T'l*. C(0-f>/^X1 8 1 tfft'fT$LlZ&-oX±Ctz : L 

<nt\ mm&tz&^x±ctzi,(nfrzmm-?z>^£tem 
50 mv}iz.X'2Ut\ LfrL&'%(nmmz?nz?j"<)i,(Dtt*i 



11 

T'f*. @1 9(0 (b) (0«IC. 2ift&&K1ti?Z>&mi* 

( a ) (0-f >/<;ux 1 8 i 0>&iz±&& y < sfefr U 

[0 0 4 7] *^T'*mm<Df&&T'tt* SKDgg^n 
3? 7 >OU£f£lElS& 1 8T% 05(0 (c) (OftfC FFT 

■v^j: y^^raice 4-»t>^u-rtLfc{aiS(o-^>^u 
®5(o (d) (o^rc 3tft'2L<Dmmmw£m&&<Dmm 
j|^*wf£ti£te®T'£*7c*K JiE(om2(o^si^ 
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